Eleven healthy girls (mean(SD): age 12.1(0.6) years) completed three, 2-day conditions in a counterbalanced, crossover design. On day 1, participants either walked at 60(2)% peak oxygen uptake (energy deficit 1.55(0.20) MJ) (EX), restricted food energy intake (energy deficit 1.51(0.25) MJ) (ER) or rested (CON). On day 2, capillary blood samples were taken at pre-determined intervals throughout the 6.5 h postprandial period prior to, and following, the ingestion of standardised breakfast and lunch meals. Fasting plasma [TAG] was 29% and 13% lower than CON in EX (effect size (ES) = 1.39, P = 0.01) and ER (ES = 0.57, P = 0.02) respectively; EX was 19% lower than ER (ES = 0.82, P = 0.06). The EX total area under the [TAG] versus time curve was 21% and 13% lower than CON (ES = 0.71, P = 0.004) and ER (ES = 0.39, P = 0.06) respectively; ER was marginally lower than CON (-10%; ES = 0.32, P = 0.12). An exercise-induced energy deficit elicited a greater reduction in fasting plasma [TAG] with a trend for a larger attenuation in postprandial plasma [TAG] than an isoenergetic diet-induced energy deficit in healthy girls.
intensity exercise (EX), energy-intake restriction (ER) and rest control (CON). The study design is presented schematically in Figure 1 .
Day 1: Intervention day
Participants arrived at the laboratory at 15:30 and all measures were completed by 17:30.
Body mass was recorded at the start of each condition to standardise the meals provided on day 2 (described below). During EX, participants exercised on the treadmill at 60% peak O V  2 in 20 min intervals, with a standardised 5 min period of seated rest between each interval. Expired air samples were collected and analysed as described previously during the third, tenth and seventeenth minute to calculate the relative exercise intensity. The exercise EE and the oxidation of carbohydrate and fat were estimated via indirect calorimetry (14) , assuming that participants reached a physiological steady state and that the urinary nitrogen excretion rate was negligible. The net EE of exercise was calculated as the exercise gross EE minus resting EE, where resting EE was estimated using age and sex-specific equations (13) . The treadmill speed was adjusted occasionally to ensure the target exercise intensity was met.
Heart rate was monitored throughout and RPE was recorded during the last 10 s of each expired air sampling period as described previously. Participants maintained their habitual dietary intake throughout the day. During ER, the girls rested in the laboratory for the duration of the visit and reduced their habitual food energy intake by the net EE of exercise, with the energy intakes at lunch and evening meal reduced by 43% and 57% of the total net EE of exercise respectively. During CON, participants rested in the laboratory for the duration of the visit and maintained their habitual dietary intake throughout the day.
Standardisation of diet and physical activity
Participants recorded their usual dietary intake during the 48 h period (pre-intervention and intervention day) before day 2 of the first condition. The girls replicated this diet before the subsequent conditions, but with a controlled reduction in energy intake on the intervention day of ER. Participants completing ER as the first condition were asked to record their usual dietary intake for two consecutive days at least one week in advance so that the prescribed energy-intake restriction could be calculated and standardised. Two-day food records were analysed using dietary analysis software (CompEat Pro Version 5.8.0, Nutrition Systems, Banbury, UK). Energy and macronutrient intake during the intervention day is displayed in Table 1 .
To standardise the overnight fasting period, participants were asked to consume a small cereal snack bar at 19:45 on the intervention day of each condition. The macronutrient content of the cereal snack bar was 1.3 g fat, 17.2 g carbohydrate and 1.0 g protein, which provided 357 kJ energy. After 20:00, the participants were allowed to drink plain water, but were asked not to consume any other drinks or food before arriving at the laboratory on day 2.
Participants recorded all physical activity categorised according to intensity level during the pre-intervention and intervention day of the first condition. Participants were asked to minimise their physical activity during this period, and the activity pattern was replicated before the remaining conditions. Free-living physical activity was not quantified objectively so a comparison between the conditions is not available.
Day 2: Postprandial day
On the postprandial day, participants arrived at the laboratory at ~07:45 following a 12 h overnight fast and provided a fasting capillary blood sample after 10 min seated rest. They then consumed a standardised breakfast meal within 15 min, marking the start of the postprandial period (08:00). Subsequent capillary blood samples were taken at 0.5, 1, 3, 4.5, 5 and 6.5 h following the start of the breakfast, and participants consumed a standardised lunch meal, within 20 min, at 4 h ( Figure 1 ). They rested throughout the day and were able to read, watch DVD films and play non-active computer games. Participants consumed water ad libitum in the postprandial period of the first condition; the ingested volume was replicated in the subsequent conditions.
Test meals
The test breakfast provided on the postprandial day consisted of croissants, chocolate spread, whole milk, double cream and milkshake powder. The meal quantity was prescribed relative to body mass and provided 1.5 g fat (60% of total energy), 1.8 g carbohydrate (33%), 0.4 g protein (7%) and 93 kJ energy per kilogram body mass. The test lunch consisted of white bread, mild cheddar cheese, butter, potato crisps, whole milk and milkshake powder, and provided 1.0 g fat (48%), 1.9 g carbohydrate (40%), 0.6 g protein (12%) and 79 kJ energy per kilogram body mass. To ensure consistency across participants and experimental conditions, participants consumed either chocolate or strawberry flavour milkshake powder on all visits.
The time taken to consume each meal during the first experimental condition was recorded and replicated in the remaining conditions.
Analytical methods
To collect the capillary blood samples, the hand was pre-warmed for 5 min in water heated to 40°C. The fingertip was pierced (Unistick 3 Extra, Owen Mumford, Oxford, UK) and 600 µL of whole capillary blood was collected into potassium-EDTA coated Microvette CB 300 tubes (Sarstedt Ltd, Leicester, UK). The whole blood samples were immediately centrifuged (38) . Temporal changes in TAUC-TAG between EX, ER and CON were examined over sub-sections of the total postprandial period (0 to 1 h, 1 to 4.5 h and 4.5 to 6.5 h) using separate one-way, within-measures ANOVA. A priori simple planned contrasts with CON as the reference category were conducted to follow up the effects of the omnibus ANOVAs.
Differences in postprandial [TAG], [glucose] and [insulin] over time were modelled using
Generalised Estimating Equations, adjusting appropriately for the period effect (38) . We assumed a log-normal distribution and identity link function, with an exchangeable correlation matrix and a robust variance estimator. Model specification was checked using residuals plots. Bivariate correlations identifying possible determinants of the exerciseinduced changes in TAUC-TAG were quantified using Pearson's product moment correlations. The 95% confidence intervals for mean absolute pairwise differences between experimental conditions were calculated using the t-distribution and degrees of freedom (n -1). Statistical significance was accepted as P < 0.05 and absolute standardised effect sizes (ES) are included to supplement important findings. In the absence of a clinical anchor, an ES of 0.2 was considered the minimum important difference in all outcome measures, 0.5 moderate and 0.8 large (7) .
Results

Dietary intake
Energy and macronutrient intake were not significantly different on the pre-intervention day across the three conditions (P ≥ 0.47). Average daily energy intake was 6.9(2.1) MJ, and dietary intake of protein, carbohydrate and fat was 58.4(13.5) g, 248(92) g and 46.8(13.6) g respectively. As anticipated, two-way ANOVA identified differences in energy and macronutrient intake on the intervention day across the conditions (P < 0.001). Energy intake was considerably lower in ER compared with CON (ES = 1.12, P < 0.001) and EX (ES = 1.06, P < 0.001); CON and EX were not significantly different (P = 0.27) ( Table 1) . Absolute protein, carbohydrate and fat intake were considerably lower in ER compared with CON and EX (ES = 0.83 to 1.07, P < 0.05), with no significant difference between CON and EX (ES = 0.01 to 0.14, P ≥ 0.20) (Table 1) . Changes in the contribution of protein, carbohydrate and fat to total energy intake were not significantly different across the conditions (P ≥ 0.22) (Table   1 ).
Exercise responses
Mean oxygen uptake during EX was 1.18(0.16) L·min -1 , corresponding to 60(2)% peak O V  2 , and the average respiratory exchange ratio was 0.85(0.03). Mean heart rate was 161 (6) beats·min -1 , which represented 80(3)% of peak heart rate, and the average rating of perceived exertion was 13(1) ('somewhat hard' on the scale). The estimated exercise net EE was 1.46(0.01) MJ.
Exercise-and diet-induced energy deficits
Accounting for the exercise net EE and energy intake (Table 1) on the intervention day, the resulting energy deficit relative to CON was 1.55(0.20) MJ in EX and 1.51(0.25) MJ in ER.
The exercise-and diet-induced energy deficits were not significantly different from each other (95% CI -0.07 to 0.14, P = 0.49).
Plasma volume changes and fasting [TAG], [glucose] and [insulin]
Average changes in plasma volume between the fasting and 6.5 h postprandial samples were small and did not differ significantly between the three conditions (EX 0.6%; ER 1.0%; CON and 13% lower than CON in EX (ES = 1.39, P = 0.01) and ER (ES = 0.57, P = 0.02) respectively; EX was 19% lower than ER (ES = 0.82, P = 0.06). One-way ANOVA revealed a tendency for differences in fasting plasma [glucose] across the conditions (P = 0.08), with simple planned contrasts revealing a trend for lower fasting plasma [glucose] in EX than CON (-3%; ES = 0.67, P = 0.07). One-way ANOVA revealed a tendency for differences in fasting plasma [insulin] across the conditions (P = 0.07). Fasting plasma [insulin] was 26% and 18% lower than CON in EX (ES = 0.69, P = 0.02) and ER (ES = 0.46, P = 0.10)
respectively; ER and EX were not significantly different (-10%; P = 0.52). One-way ANOVA revealed a tendency for differences in fasting HOMA-IR across the conditions (P = 0.05). Fasting HOMA-IR was lower compared with CON (2.35(1.71-2.97)) by 29% in EX (1.59(1.18-2.29); -46 to -6%, ES = 0.71, P = 0.03) and by 20% in ER (1.58(1.42-2.81); -39 to 3%, ES = 0.47, P = 0.07); ER and EX were not significantly different (-11%; -39 to 32%, P = 0.49).
Plasma [TAG], [glucose] and [insulin] in the postprandial period
Plasma [TAG] responses over the postprandial period for EX, ER and CON are shown in Figure 2 . Inspection of the residuals plots revealed that the models were correctly specified.
Mean postprandial [TAG] was 22% and 9% lower than CON in EX (-27 to -18%, ES = 0.66, P < 0.001) and ER (-15 to -4%, ES = 0.26, P = 0.001) respectively; EX was 14% lower than ER (-20 to -8%, ES = 0.40, P < 0.001). The TAUC-TAG was 21% lower after EX than CON (ES = 0.71, P = 0.004), with small, but statistically insignificant, differences seen between ER and CON (-10%; ES = 0.32, P = 0.12) and EX and ER (-13%; ES = 0.39, P = 0.06) ( Table 2 ). The TAUC-TAG was lower after EX compared with CON between 0 to 1 h by 26%
(-39 to -11%, ES = 1.12, P = 0.01), 1 to 4.5 h by 22% (-33 to -10%, ES = 0.67, P = 0.01) and 4.5 to 6.5 h by 19% (-26 to -10%, ES = 0.64, P = 0.003); ER was lower than CON between 0 to 1 h by 11% (-20 to -2%, ES = 0.43, P = 0.03) and 1 to 4.5 h by 13% (-23 to -1%, ES = 0.37, P = 0.04). The TAUC-TAG was lower following EX than ER between 0 to 1 h by 17% (-34 to 4%, ES = 0.69, P = 0.08) and 4.5 to 6.5 h by 14% (-25 to -1%, ES = 0.47, P = 0.04). No significant differences were observed in iAUC-TAG across the conditions (P = 0.84) ( Table   2 ).
Meaningful positive correlations were identified between the intervention-induced change in fasting [TAG] and the change in TAUC-TAG relative to CON for EX (r = 0.65, P = 0.03) and ER (r = 0.57, P = 0.07). Individual changes (delta) in TAUC-TAG across the three conditions are shown in Figure 3 . The reductions in TAUC-TAG following EX and ER were greater than changes in CON for ten (~91%) and eight (~73%) girls respectively. The measured physical and physiological characteristics, dietary intake (Table 1) The present study demonstrates for the first time in 11 to 13 year old girls that an exerciseinduced energy deficit tended to reduce postprandial plasma [TAG] to a greater extent than an equivalent diet-induced deficit, supporting the studies conducted to date in healthy women (18, 28) . In the earliest of these studies, the attenuation in postprandial [TAG] following a single exercise session was treble that caused by a diet-induced energy deficit (18) ; although, it is worth noting that the energy deficit induced by intake restriction was approximately 17% The contrasting effect of EX and ER on postprandial plasma [TAG] may be attributable to the physiological origin of the energy deficit. Energy provision during moderate-intensity exercise is primarily met by the utilisation of skeletal muscle glycogen, intramuscular TAG, circulating free fatty acids and plasma glucose (35) , although the contribution of lipid to the exercise EE is greater in children than adults at a given relative exercise intensity (33) . In contrast, energy-intake restriction shifts the body towards the postabsorptive state leading to the breakdown of liver glycogen and the release of free fatty acids from adipose tissue (15) .
Therefore, it is possible that the effect of EX and ER on postprandial plasma [TAG] is mediated by a different mechanism. However, a series of basal VLDL kinetic studies have demonstrated recently that exercise-and diet-induced attenuations in fasting VLDL-[TAG]
manifest through a reduction in hepatic VLDL-TAG secretion and increased plasma clearance of VLDL-TAG in healthy, young women (3, 4) ; although, a lower energy deficit from moderate-intensity exercise compared with energy-intake restriction (~2 vs. 3 MJ respectively) was required to reveal these effects (3, 4) . Consequently, the mitigating effect of EX and ER on postprandial plasma [TAG] may not be mediated solely by the ensuing energy deficit, but further exercise postprandial studies are required to support this in young people.
In line with previous studies in young people (41, 44) , substantial inter-individual variability is evident in the fasting and postprandial plasma [TAG] after EX and ER, which could not be accounted for by any of the measured variables included in the present study. Similar heterogeneity has been reported in adults previously, with exercise-induced changes in 3-hydroxybutyrate, a marker of hepatic fatty acid oxidation, identified as a strong predictor of the exercise-induced reductions in fasting and postprandial [TAG] (17) . This marker may explain some of the variance in the present study, but further work is required to examine this systematically. A range of self-assessed maturity ratings were identified in the present study.
Although a possible maturational effect cannot be eliminated completely due to the relatively low sample size, we found no effect of maturity status on any of the outcome measures, including the inter-individual variability evident in fasting and postprandial [TAG] .
The tendency for lower fasting plasma [glucose] in EX compared with CON is likely to contribute to the greater iAUC-glucose observed; however, a similar change in fasting plasma
[glucose] was not seen between ER and EX despite the higher iAUC-glucose in EX ( Table 2 ).
The reason for these differences in glucose metabolism are unclear and appear inconsistent with the exercise postprandial studies in young people, with the majority reporting no exercise-induced changes in either fasting or postprandial [glucose] (2, 24, 25, 36, 37, 43, 44) .
In the absence of a change in postprandial [glucose], Sedgwick et al. (37) suggest the lower TAUC-insulin response following moderate-intensity exercise indicates an acute improvement in insulin sensitivity. Although we observed lower fasting [insulin] in EX and ER compared with CON, this difference did not persist into the postprandial period ( Table 2 ).
The lower fasting HOMA-IR in EX and ER compared with CON points to an acute improvement in insulin resistance. Nevertheless, the change in HOMA-IR was not associated with the change in postprandial plasma [TAG] in EX or ER and the TAG lowering effect of exercise has been shown to occur independent of changes in insulin sensitivity previously (19) .
A limitation of the present study is that EE was not quantified during the short rest periods of EX and excess post-exercise oxygen consumption was not measured following the exercise session. Although this omission may have underestimated the energy deficit in EX resulting in a higher energy deficit compared with ER, it is likely that the contribution to the total exercise EE was relatively small (5) . Furthermore, this study investigated healthy, Values are mean(SD). *95% confidence interval of the mean absolute difference between the experimental conditions. CHO, carbohydrate b Significant difference between ER and CON (P < 0.001)
